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INTRODUCTION
Obese patients have frequently been perceived as challenging operative candidates often believed to incur increases in complications. Obesity is not only an increasing problem in the United States, but worldwide. Over 35% of the American population is now obese, and with the introduction of the Western diet these figures are climbing in both Europe and Asia.
[1,2] Worldwide, the prevalence of obesity has nearly doubled between 1980 and 2008. [3] Despite the dramatic rise in obesity, few studies have carefully examined the impact of a laparoscopic approach on the surgical outcomes of liver resection in these patients.
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[4] Lending to this fact obese patients subsequently had a higher incidence of post-operative complications, including atelectasis and wound infection. Not surprisingly, the incidence of wound infections were most pronounced in obese diabetics, placing them at three fold increasing risk of post-operative mortality. The power of this study was limited because only 5% of the study cohort meets criteria for obesity at that time. Unfortunately, in the subsequent three decades, the landscape of mean body mass index and the incidence of obesity has dramatically changed.
Dindo et al. [5] first presented a classification system designed to identify and define post-operative complications. Their study examined and analyzed the outcomes of over six thousand open general surgery patients. This analysis identified the only increased complication in the obese patient was the rate of wound infections, and failed to identify an increased rate of any additional complications. This observation was not only true for the obese patient, but also for the severely obese patients with body mass index (BMI) greater than 35. In their final analysis they concluded and advocated for surgical intervention in the "rapidly expanding obese population".
Ironically this is in sharp contrast with the early National Institutes of Health guidelines for laparoscopy cholecystectomy that excluded the morbidly obese patients.
[6] Despite this consensus guideline, surgeons quickly identified laparoscopy was an ideal approach for obese patients. Theoretically, laparoscopy lends to improved visualization, smaller incisions, and less physiologic impact. These advantages result in: (1) shorter hospital stays; (2) rapid return to normal diet; and (3) fewer complications.
[7] However, it would be decades before Tsinberg first examined the effect of obesity in a small cohort of minor laparoscopic hepatic resections.
[8] This, and subsequent studies, have confirmed the benefits of laparoscopy but only at the expense of increased operative times with the occurrence of Clavien-Dindo class I and II complications.
[9,10] Our current study seeks to evaluate the effect of laparoscopy on a large group of open and laparoscopic minor and major resections.
METHODS
From January 2001 to September 2015, 640 patients underwent liver resection by a single surgeon. Of those, 396 patients underwent a laparoscopic hepatectomy. All patients were included in this study.
Patients were evaluated in 4 weight groups: normal (BMI < 25), overweight (BMI ≥ 25), obese (BMI ≥ 30), and severely obese (BMI ≥ 35). Based on World Health Organization (WHO) classifications of obesity, there were 78 (20%) normal weight patients, 209 (52%) overweight patients, 86 (22%) obese, referred by the WHO as class I obesity, and 23 (6%) severely obese, referred by WHO as class II and III obesity.
[11]
Patient demographics, clinical status, tumor characteristics, operative and postoperative outcomes, as well as clinicopathologic data were analyzed among each weight class against the normal BMI group. The surgical technique of laparoscopic hepatectomy utilized by this surgeon has been well reported in the literature.
[12] Laparoscopic hepatectomy was selectively performed with hand port assistance based on tumor location, accessibility and condition of the underlying liver parenchyma.
Statistical analysis
Continuous variables were compared between groups using Student's t-test; categorical variables were compared using chi-squared test. Serial values were compared using analysis of variance. A univariate model was used to identify all variables significantly associated with post-operative complications. To examine the effect of obesity on the laparoscopic approach a full cohort analysis of all resections was performed while a second analysis of only laparoscopic resections was carried out. A multivariate regression model was then developed to identify the independent variables that maintained significance in multivariate analysis. A P-value of < 0.05 was considered statistically significant.
RESULTS
Several demographic differences were noted between the study groups. Mean age was similar, while severe obesity and malignant disease had a higher association with male gender. The incidence of comorbidities including hypertension and diabetes increased with increasing weight class. American Society of Anesthesiologists (ASA) score increased concordantly with patients' body weight. However, the incidence of cirrhosis, the number of segments resected and the percentage of major resections were similar across all weight groups [ Table 1 ].
Outcome data identified an increase of blood loss, transfusions, and complications in patients moving from normal, overweight, obese and severely obese patients. Surgical margins were similar across groups. Clavien-Dindo I-V complications were significantly different between the severely obese and the other BMI groups [ Tables 2 and 3 ]. In the first regression analysis, we analyzed all hepatectomies (n = 640), both open and laparoscopic. Initial univariate analysis of factors associated with complications included open surgery, race, BMI, ASA, transfusion, operating room time, and major resection; however, the multivariate regression analysis resulted in only two significant factors: ASA (P < 0.001) and transfusion requirement (P < 0.001). A subsequent analysis was performed on just the laparoscopic hepatectomy group (n = 396); where univariate analysis identified BMI, ASA, diabetes, transfusion, and major hepatectomy were associated with complications. After multivariate regression modeling, only ASA (P < 0.001) and transfusion requirement (P < 0.002) were again significantly associated with postoperative complications [ Table 4 ].
DISCUSSION
Historically, obese patients have been perceived to incur poorer post-operative outcomes compared to normal body mass index patients. Initially this assumption was Data are shown as n (%). PE: pulmonary embolism not only applied to open surgery but also laparoscopic surgery, considering the inherent technical challenges in the obese patient. However, laparoscopy has quickly become the favorable or even preferred approach for general surgery in obese patients including cholecystectomy, and colectomy.
[13] The current study examines a single surgeon's experience with laparoscopic and open hepatectomy in a broad group of obese and non-obese patients. Our hypothesis was to affirm the laparoscopic approach's viability as an alternative to open hepatectomy with respect to operative outcomes, including length of stay and the incidence and severity of complications.
In our analysis of the laparoscopic group, a higher incidence of complications was not identified until patients reached severe obesity. Univariate analysis of the entire group did identify obesity measured by BMI as a predictor of complications. However, under multivariate regression analysis, BMI lost significance and was no longer a predictor of complications in patients undergoing laparoscopic hepatectomy.
As a baseline the overweight, obese and severely obese patients in our study had a significantly higher incidence of co-morbidities including hypertension and type II diabetes resulting in higher ASA scores. This same increased incidence in co-morbidities and ASA scores did not result in longer operative times when comparing obese and severely obese patients to normal BMI patients.
Our patient cohort had several interesting trends that may have led to some bias including a higher incidence of male patients undergoing laparoscopic hepatectomy and the use of laparoscopic resection in males with malignant disease. This selection bias for males and malignant disease may have contributed to the severely obese patients incurring a higher incidence of complications. The distribution of complications defined by the Clavien-Dindo classification was similar across all BMI groups except the severe obese. In this group of severely obese there was a higher incidence of pulmonary complications. However, the low incidence of class III and IV complications was observed in the severe obese population, which may reflect the small study population or a selection bias.
Our final regression model identified ASA score and transfusion as the best associations with the occurrence of complications. The statistical model for complications increased with rising ASA scores. This positive predictor underscores the power and utility of ASA in clinical decision-making. Despite the presence of transfusion in the final model, its impact on complications may require further evaluation. Transfusion may be more complex variable than a measure of blood loss, the need for blood or blood products. Transfusion may serve also as a surrogate marker for a complex surgical patient with a multitude of inherent and underlying variables such as liver steatosis, functional hepatic reserve or even case complexity due to obesity.
In our experience, laparoscopic hepatectomy is a safe, effective procedure with complications rates and Clavien-Dindo severity scores comparable to open hepatectomy for most obese patients. The caveat to this statement is that in severely obese patients (BMI > 35) there was significant rise in complications. This may reflect the effect of obesity or is a direct result of increasing patient ASA or even selection bias. This lends to the last question of does the underlying liver quality, most notably steatosis, contribute the incidence and severity of complications? This study however, reaffirms the belief that the benefits of laparoscopic hepatectomy apply to the overweight 
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